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KACA RM No. ~ 7 ~ 2 8  

An investigation of the take-off and lmdlng a tab i l i ty  of a 
I - s i z e  model of the Consolidated W Z - 1  f lying boat  has been made 10 
in Langley tax& no. 1. The  XPT-1 is a four-engine, i23,500”pund,, 
long-range fbing boat, designed tm ‘operate at a cruis3ng speed 
c o n e l d e r a b ~  higher than that of most contenpormy flying boats- 
Thia desi@ is of p q t i c u l a -  interest i n  that   re la t fvely high w5ng 
loading, low power Loading, and high length-bean r a t i o  are used. 

The inveetigation WEIB requmted by the 3tu.eau of Aeroneutics, 
lhvy Sepmtmmt, i n  their letter dated &Cy 18, 1946, Aer-IE-3l, 52931. 

The principal. purpose of this report is t o  make the hydro- 
dynamic data most ser t inent   to  this particular ah-plme inmediately 
available t o  the Bureau of Aeronautfcs, Navy Department, and the 
Consolidated ’I’ultee Aircraf‘t Corporation. The take-off and landing 
characteristics of the bwic  model are presented together  with  data 
for several modifications tha t  improved the landing characterietics. 
A l l  of the modifications repesent chasgos externa t o  the basic 
model 

Messrs. E G. Stout and F. L. Thombwg of the  Consolidated 
Vultee Aircraft  Corporation  witneased most of the tests. 

aerodynamic pitching-mment  coefficient ($I3k) 

mean aerodynamic chord (M. A.C. ) , fee t  

dzag of model wtthout propellers, Nunds  

I n c ~ e a n e  in drag due to slipstream, pour& 
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The following modificatians were investigated: 

M o d e l  22b-1. - Basic model with step moved aft 0 89 inch, 
4.5 percent mean aerodynamic chord. 'Ilhe depth of &tap at t h e  centroid 
was increased from 14.2 percent bean -bo 15.0 percent beam by this 
change. (See fig. 3 (a) .) 

plodel 2 2 a .  - Stap plan f o m  of basic model incroaaed to' 45$' -vee 

of afterbody keel. 

mdel 228T-1. - Basic model with *'angle of afterbody keel. 

(See fig. 3(c)*) 

Modex 2.2&-.- Basic model with depth of s tep  at the centroid 
reduced from 14.2 percent beam to 11.7 percent beam and a 5O angle 
of afterbody keel. (See fig. 3(d) . )  

The appwatus and general procedmea used for t e s t a  powered 
ayaamic models are described in referencee 2 and 3. 

The propellere were s e t  at a blade Pwle of 10.0' at the 3/4 r8dW 
and rotated at 52% rpm to provide -off thrust. The effective 
thrust was measured at Oo trim, flap a t  Oo, and the step 8.0 inohea 
above the water. This t2wwt ie shown in figure 4 together w i t h  
tkat comeepondfq ta the full-size thrust aa est'sla=t;ed by Consolidated 
V u l t e e  Alrcraft Coryoratfon. 

In o ~ d e r  to provide data from which the apprcximate load, on the 
water could be estimated, the aerodynamic l i f t  a d  pitching molllent 
were measured with the model in the ,game position as that used f o r  
detemnlnation of the effective t h r u s t .  ' Da%a were obtained wlth 
and without power f o r  two stabil izer eettings (Oo end -!2O to t he  
base I2ns } and several fla-p and olgmtor defloctiona The pitchi% 
moments were referred to a center-of-pavi-by  location 09 25 gercent 
mean aerodynamic chord.. The aeroaynamic lift and pitching-moment 
coefficientB, power off , are plo t ted  in figure 5. 11916 pitching- 
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monzent coefficients with 200 flaps, a d  neutral  olevatore, po~mr off , 
and with ground effect,  estfmated by Consolidated Vultee Aircraft  
Corporation, are also plotted in figure 5.  

i n  figure 6. On the basis of these testa a s&;bilizer s e t t h g  of -lo 
was used for the remainder of the invesc,igatian. 

desired -ding trim and then unifomlf'decelerat- the towing 
c a r r i  e (rate of deceleration, appraxhmtely 2 feet per eecond per 
second 7 t o  e l m l a t e  the landing maneuver. The variation of trm, 
vert ical   posi t ion (rise), and speed were electrically  recorded. The 
r i s e  was set a t  zero with the mo3el a t  zero wia and wlth the step 
just touching the water. A cantact was installed a t  the step t o  
e lec t r ica l ly  record the points at- which the step entered and l e f t  the 
water. A simzlay. con-i;act indicated t he  point at  which the s t e r n p o ~ t  
f i r a t  touched t3.m water when lm&ed. at high tzixns. "he t e e b  were 
made with 1/4 thme t and flaps deflected 500 (gap a t  top surface taped) 
and a normal gross load of E3.5 pounds. 

The aeroaynaslic lift and pitching m t ,  wlth powor, are ploteed 

me l a n d i n g  Ekbil i -  ~m &ete-ed by fly- t h e  model a t  a 

The trim limits of sta'bilitg were obtained with fill thrust and 
take -off f laps (200). 

The range of stable  positian of t he  center of gravity was deter- 
mined by making take  -o€Ya with full power at a constant rate of  accel- 
erat ion of 1.0 foot par second per second. and f l a p  deflected 20°. 
On the 'basic mnffguration, the center-of-gravity limits were also 
obtained a t  an aocohmtion  of 4.5 feet per second per second, and for 
several elevator deflectians , grO86 loads , ma flap deflections. 

gravity a t  30 percent man aerodymmlc  chord, t he  exce8s thrust was 
maswed f o r  model 2!2& -1 at hump speeds f c r  gross Io8ds of 123.5, 
1.35 .O , ma 190 .o potmas =a elevator  aeflecticns of 00 m a  -100. m s  
oxcess lihrwt i e  %ha net  accelerating force f o r  the model. 

The spray  c3aracteristics were obssrved during take-off and 
landing m. The range of speed8 over which spray  struck Athe pro- 
pel lers  and flaps wae detemnined f or  model Z8D-1 during slowly accel-  
orated runs (rate of accehra t ion  approximately 0.5 foot  per second 
per second) Photographs of s p y  were obtained f o r  rncdel Ea-1. 

W i t h  take-off power, flaw deflected 20°, and the center of 

The mdrodynamic c h r a c t e r i s t i c s  of model 2283-1 (basic model) 
were determined in detail. Suff ic ient  ibta were obtaimd f o r  each of 
t h e  modlficcttiona t o  show the effect  of the change and to provide cor-  
rections that can be applied to ts7s more debilea reaul t s  for the baaic 
model. 
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O f  the hydroaynamic c h ~ a c t e r i a t i c s  determined d m i q  this invos- 
tigation, the larding st&ixity appeared t o  be of f b s t  Importance; 
the modificatiom wero includod in the pmgram p-incipally because of 
their effect on the landing s tab i l i ty .  

I 

22&-1 Baaic model, 
a0 keel angle 2 34, 30, 26 

22811-1 step mwea aft 34 

34 
22m . s tep  plan fom,  

45-1°”ves 2 
22&-1 keel m e  34 

228J-1 *’ keel  angle 34 
2281 5’ keel  angle, 

shallow step 1 14 

3t.Emaxy plot, 
f i g u r o  

18 

Basic mode l  (p-1 2282-1.. - With the  center of grwlty at 
* 3‘1. percent man aerobynmlc c b r d  the model was vidently unstable 

when hnaed at trW near 5 O  (figs. a) end 8f a) ) . As n a q  as 
six skips were recorded on them landings; this skipping waa 
acccanpanied by large changes in rise (7 inches above the water) 
and large changes i n  trlm (loo) nlth a meximum t;rlm of a p p o x i -  
mateu ~ 4 ~ .  

With the  center of gcavi-t;y at 30 percent man aerodynssnic chord 
(ffgs- 7(b) and 8(b) ) the  motion of the model W~EI bss  violont  than 
the% a% 34 percont man aerodynamic chord; a &mum ins tab i l i ty  
appemed as a change i n  rise at  landing t r b  of approximatdy 5*, 
but anl;lr two akipa occurred. 

c 
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Take-Opf Stab i l i t y  

The variation of the tru with speed (trim tracks) was deter- 
mined for 'each of the raodels. The maximum amplitude of porpoisiw 
;ma detsraiined  during t h e  take-off runs and plotted againet position 
of the center of gravity From euch plots, the forward and after 
limits for s-kable positions of the center of gravity were determined 
w i t h  various  deflections of the elevators. An amplitude of porpoieing 
of 2O was assumed t o  be the maxfmum permlesable mpl i tude   for  adequate 
take-off s tabi l i ty .   Posi t ions of the center of gravity between the 
fomrard. and a f t e r  limits w 0 r e  dee€gnated as the s k b l e  -range. 

An osci l la t ion i n  pitch, due to s p r q   e t r i k i n g  the horizontal 
tail, was &served a t  trims betr*.een the trim limits of - s t eb i l i t g .  
m e  amplitude of ~s oscil lation  varied fim &* to almost 20, but 
generally  apFoximtely 1'. On the figures showing the W e - o f f  
trim tracks,  verkical hatch lines are used to indicate this oscilla- 
t ion.  ActuaL upper or lower limit porpoising of less then lo ampli- 
tude is shown with a pm-pising loop enclosing the ver t ica l  hatch 
l ines .  

2 

.I . . The tr im limits of s teb i l i ty ,  both lower and upper, were deter- 
mined on t h e  basic co&iguration, mcdel 2282-1, at t he  design gross 
load of 123.5 pounds and flaps deflected 20° (take-off position); . ' 

the upper limits were alm determined w i t h  zero Z h p .  Complete 
t r i m  limits were obtained for stibsequent  modifications w i t h  the 
exception of models 2%-1 and 2281. The trim for the latter . 
two configurations mre estimated by interpolation and e&rapolatio,n 
respectively. Wherever available, the trim limits of s tabi l i ty   have '  
been superimposed on typical take-off trim tracks so that the r e l a t ion  
of the trim limicB . t o  the trqa t r a c b  with neutral  and up elevators, 
and a t  f o m d  and aft' l O C a t i ~ m 8  03 the center of gravity can be seen. 

Figures showing the results of the take-off  investigation, 
together w i t h  the m&sl  rimers, axe presented in the following 
table : 



10 - NACA RM No. ~ 7 ~ 2 8  4 

1 

G r o s s  

( m d  (1.1 
(ft/sec2) deflection l o a ,  

Acceleratim Flap 

228c-1 z 3 . 5  0 1.0 19 ( 4  20 (3 1 
40 . 1.0 lg(c) 20 a )  20(b) 

136 .o 20 

24(b) 24(a) 23 4-5 .20 23.5 
21  1.0 20 150 .o 

22 (b 1 2 1  1.0 

228D-1 123.5 20 1 .o 
22m 123-5 20 1 .o 
2282-1 123.5 20 1 .o 27 ( 4  2'/@)99(4 29 (b 1 
228J-1 123.3 20 2 8 ( 4  28@b)$9b) 29(b) 1.0 

' Figure numbers 
""- 
Trim 

amplitude trackB 
MmAmum 

t 

19(b) 1.0 20 20(b) 

22(b) 

"" 

2281 30(a) ,I 30(b) ---- 1.0 20 123.5 
- 

Basic model (22&-1). - Take-offs were poasible a t  positions of 
the center of gravity from 21 percent t o  36 percent mean aeroQmamic 
chord with  deflections of the flaw of Oo, 20°, and 40' (fig. 19). 
W i t h  flaps deflected 40° and a t  forward positions of t h e  center of 
gravity, up elevators were required in order to avoid lower Urnit 
porpoising and t o  t r i m  up for take -off at hi& speeds. W i t h  We 
center of gravity located at 22 percent mean aerodynamic chord and 
elevators deflected -l5", the model took off a t  a trim of 6.4O and 
a speed of 47 feet per second. 

 he ef fec t  of f laps  and elevators on the range' of stable 
position of the center of gravity is shown in figure 20 (b ) The 
forward and af ter  limits of the center of gravity at which W e - o f f  
&abi l i ty  is adequate can be determinod from a i s  figure f o r  any 
combination of elevator and flap deflecticm. 

The effect of load on the range of &:table position of t he  
center of gravity i s  shown i n  figure 22(b). An increase in gross 
load of 21.5 percent (from 1 2 3 . 3  pounds t o  .O pounds moved 
both limits f cmrd approximately I. percent mean aerodynamic &ora. 

An increase in acceleration had no appreciable  effect on the 
t r i m  tracks st speeds where W e  model was stable (fie. 23) .  When 
porpoising occurred, the frequency of the poqoieing motion was 
approx1rmtel;g the same- a t  rates of acceleration of 1.0 and 4 -5 feet 
per second per second. Comequently, over the meed range where 
the t r i m  track  crossed the trirr l m t  of stability, fewer cycles 
of porpoising occurred for the high acceleration chan for the low 
acceleration. ~n increase in scceleration'from 1.0 eO 4.5 feet 

c 



. A decrease in the angle of afterbody keel move& the upger t r im 
linits of stability to  1ok-r trims, but  did n o t  ham any apgrecrable 
effect  on the t r i m  trackEl at high speeds Consequently, t h e  after 
limit of the stable range was shffted forward, as the angle of after- 
body keel m s  reduced. A decrease in the -le 02 afterbody keel 



from 6 . .5O t o  4.5' moved the after l ~ t  forward 5 .O percent mean 
aerodpmnic chord ( f ig .  29). In summary a decrease i n  t h e  angle 
of afterbody keel of 2O (from 6.50 , t o  4.5 6 decreased the range of 
position of the center of gravity f o r  stablo take-off 4 percent 
mean aerodynamic chord, principally by moqing the a f t e r  limit 
forward. 

W i t h  the oenter of p v i t y  located a t  30 percent mean aero- 
dynamic chord, the s t a t ~ ~ ,  t r i m  varied from 4. Qo to 3 -70 a6 the 
angle of afteAmd.y keel was changed from 6.3' t o  4.5O 

Effect of a reductilon in a l e  of afterboay keel and. depth 
of step (model 2 2 8 1 )  .- A reduction In angle of afterbcdy keel from 
6-50 (with a 14.2-percent beam depth of step at  the centroid) to 5.0' 
(with an 11.7-percent beam depth of step at  the centroid) moved the 
forward an& aft limits forward approximately 1 percent and 4 percent 
mean aerodynamic chord, respc t ive ly ,  which resulted in a net &ec,rease 
of 3 percent man aerodynamic chord in the range of stable position 
of the center of gravity  (fig. 30 (b)) . TMS reduction was very 
nearly  the s a m  as that which would be expected for a change i n  
afterbody keel alone (fig. 29) . 

m e  s t a t i c  trims of mcdel 2261 were approximately 1.00 less 
than t he  Btetic trims of model 2283 -1. 

Take -Off Perf omnance 

The excess thrust,  available for acceleration in the speed 
range near the hump (maximum resistance) with the propellers 
developing the scale  effective  thrust ,  was determined f o r  
model 22&-1. The exceas thrust and t r i m  a t  the deeign gross 
loaa, w i t h  two deflections of the elevators, and at  two overloads 
are presented i n  figure 31.  These curves have been plotted so  
that they have t he  ~ a m e  general  ehape &s the resistance c m e B  
used f o r  take-off computations. At the design @OBB load, of 
123.5 pounds net accelercting  force at the h u q  was approxi- 
mately 6 pounds. an overload w o e s  load of 1-50 pounds, excess 
thrust was not available f o r  accelerating over t h e  hung. 

S m Y  CHARACTERLSTICS 

Detailed spray observations and @otographs were W e  f o r  a 
few of t h e  modifications. In the load range of in te res t  for this 
desipp the spray characterfatics; fn general, were not greatly 
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di f fe ren t   for .  t h e  vaziow models. ~ h S s e  data, therefore, are 
present.9d i n  order t o  give e n  over-all .evaluatim of the spray 
characterist ics.  

photographs of the bow spray of -model 228J-1 a m  presented i n  
figure 32. The range of speeds over which-spray  entered the 
propellers of model 2 2 6 ~ - 1  is presented in figure 33(a). It is 
apparent that propeller  spray,in smooth water w i l l  be no problem 
a t  t h e  design load. For model 22m-1, spray in the  propellers  did 
not appear t o  be excessive:at a gross load of'lw pounds. 

The range of speed over which spray struck the flaps of 
model  228D-1 is shown in f igme  33(b). Most of the. spray 8.h.uck 
that  portion of the  flape near the inboard engines. . 

Spray wetted the tail turret at trpeede from 14 t o   2 1   f e e t  per 
second. A typical photograph shodngthe   spray  around the tail 
tu r re t  is presented in   f igure  34. The roach frm under the a f t e r -  
body follawed the curved sides 03 the tail extension and tail turret 
and, for a very short  sped range, mter w& over the top of the guns. 

Durfng take  -off, the forebody b l i s t e r  wetted t h e  horizontal 
tail at  speeds above 20 f e e t  per secoM. (See fig. 35.) This ' 

spray, which was broken up by.the  action of the slipstreaqwas  not 
heavy. During t he  landing run out, however, t h e  slipstream  did 
not  break up this b l i s t e r  (1/4 take-off thrust)  and consequently, 
a heavy j e t  of water struck the t a i l .  (See f i g  - 35.) A t  high 
speed, intermittant  spray on t he  horizontal tail often caused a 
S ~ U .  o s c i l h t i o n  in  trim (less than 29 dm- t h - o f f .  
This  ,spray is shown i n  the photographs of ftgme 36 - 

. .. . . .  

The tank investigation of the powered dynaslic model of the 
XPSY -1 flying boat indicated that: 

1. A t  aft locat ima of the center of gravity the  basic model 
was unstable when landed a t  low t r f m ~  ( ~ a r  50) 1 

.2. A forward movement of  the oenter of gravity, a rearward. 
movement of tho step, or a change iq s tep p h n  form &OM 3oo-vee 
t o  45L0-rree produced sat5sfaotory lahding s t a b i l i t y  - 

2 * .  

3 .  A decrease in angle of afterbody keel improve& .the landing 
s t a b i l i t y  a t  low tr-, but increased the tendency toward upper ' 

Umit porpoising at high trim. 
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4. stable take-offs for t h e ' i a i i c  model were pobsible a t  a l l  
practiozble  positiom of the center of gravity anit flap  deflections. 
A n  increase in.gross load of 21.5 percent, and an iricreaae in 
forward. accelerktion from 1 .O to 4.,5. feet per second per second 
had no appeciable  ecfect on t h e  stable range for take-off . 

5 An a9 tar movement of the step shifted both the forward 
and aft limits of s t ab i l i t y  -af't and reduced the stable range 8li@ltu 

6 I A change Fn step p& form t o  45L0 -we had no a m c i a b b  
2 

ef fec t  on the Wise-off s t a b i l i t y  when compared wlth a mollification 
having a 3OO-vee step  with the e'ame .depth and position a t  the 
centroid. 

7 .  A decrease in the q l e  o f  afterbody keel reduced the  table 
range for take-off  approximately 2 percent mean aerodynamic chord 
per degree change of angle of aftepbody keel, pr inc ipdly  by moving 
the after limit forward. 

8. The amunt of spray in the  propellers w a s  eatisfactory a t  
t h e  design w o e s  load, and iLid not appear excesslve when the @OSE 
load was increased 21.5 percent. 

Langley Memorial Aeronautical  Laboratory 
National  Advisory Comfttee for Aeronautics 

Langley Field, Va. 

A ,pproved 

Marvin I. Ham 
Kechanical Englneer 

b W  - 
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H u l l :  
M~~immbeam. in . . . . . . . . . . . . . . . . . . .  
Length: 

Forebody. bow to centroid of main step. i n  . . . . .  
Length-beam ra t io  . . . . . . . . . . . . . . . .  

Afterbody. centroid of win step to sternpost. in . 
Length-bean r a t i o  . . . . . . . . . . . . . . . .  

Tall  extension. stemgost to aft perpanaicular. in . 
Over all. bow to a f t  perpendicular. in . . . . . . .  
Forebody flat. be- from centroid . . . . . . . . .  
A t  keel. in . . . . . . . . . . . . . . . . . . . .  
A t  keel.  percent beam . . . . . . . . . . . . . . .  
A t  centroid. in . . . . . . . . . . . . . . . . . .  
A t  centroid.  percent beam . . . . . . . . . . . . .  

Step location at centroid.  percent M.A.C. . . . . . .  
Angle of  forebody keel t o  base l i m y  deg . . . . . . .  
A n g l e  of dterbody keel t o  base line. deg . . . . . .  
Angle of dead r i s e  of forebcdy. a t  step (exoludLng 

chke  flare) . deg . . . . . . . . . . . . . . . . .  
Angle of dead rise of afterbody. deg . . . . . . . .  
H e i g h t  of center of gravitq above base line. in . . .  

mpth of step. (30° -Tee) : 

wing: 
Area. sq f t  . . . . . . . . . . . . . . .  
Root chord. in . . . . . . . . . . . . . .  
Tip chord. in . . . . . . . . . . . . . .  
A n g l e  of w h q  incidence to base m e .  deg 
Mean aerodynamic chord. M.A.C .. in . . . .  
Leading edge M.A.C.,  aft of bow. in . . .  
Leading  edge H.A.C., above bme line. i n  . 
Aspect ratio . . . . . . . . . . . . . .  
Flaps ; 

Span. f t  . . . . . . . . . . . . . . . .  

. Deflection for take -off . dsg . . . . .  
Deflection f o r  landing. deg . . . . . .  

. . .  

. . .  . . .  . . .  . . .  . . .  . . .  . . .  

. . .  . . .  . . .  . . .  . . .  . . .  . . .  

. . .  . . .  . . .  

. . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  

. . . . . . . . .  . . . . . . .  50 

. 12.0 

. 69 . 60 

. 5 . 8  

.50 .40 

.4.2 
31.7 

2.51.7 

* 1-95 . 16.2 . 1.70 . 14.2 
31.3 

0 
. 6 . 5  

. 22.5 . 22.5 

.1 7.21 

21.0 . 14.5 . 26.1 
. 8 . 7  
.5.0 . 18.9 . 61.3 ' . 22.2 . 10.0 

20 iWM> 
Horizontal *il: 
Spas. f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  5-5 
ChorL. in . . . . . . . . . . . . . . . . . . . . . . . . . .  1'7.2 
Area. s tabi l izer .  sq f t  . . . . . . . . . . . . . . . . . . .  3 .3  
Area. elevator. sq f t . . . . . . . . . . . . . . . . . . . .  1.8 
Total area. s q  ft . . . . . . . . . . . . . . . . . . . . . .  5-1 
Angle of stabilizer settin;: to base line. deg . . . . . . . .  -1.0 



TAEm 1 ' -  Concluded 

DlMErNsIONS OF BASIC Mom 22&-1 - Concluded 

Vert ical  tal l :  
T o t a l  area, sp ft . . . . . . . . . . . .  

. .  
. . 
. 

. 
I 

2.5 

123.5 
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Figure 1 .- Model 22%-1 on towing apparatue. 

Figure 2.- Model 228C-1. General Arrangement. (Dinensionrg is inches. ) :, ".. 

Figure 3 .- M o d i f  ications t o  basic model 228'2-1. 

(a) Model 228D-1, Step m e d  aft. . , . 1 . \ ' .  I 

;(b) Modei 228H. - vee planform of step; 
. .  

1 .  

Figure 3.- COncluded. 

(c) Models 22-1 and J-1. Angle of afterbody reduced. 

(a) Model 2281. Depth of step a& of afterbody keel 

: '. 
. .  

reduced. 
.. 

Figure 4,- Variation of effective thrust w i t h  speed, Trfm, 00; Fsf' = 00; 
6, = 00; 6, = -20. , .  

Figure 5 .- AerodyIlEhmic 1W.t and  pitching-sloment c&ff icieqts,  power of" . - 
Figure 6.-  Aerodynam3.c l i f t  and nitching moment. Take off power;.. flap . 

. .  

deflection, 20° .' 
(a) Elevator  deflection, 0' . 

Fit3;Lu.e 6.- Continued. 
. .. 

(b) Elevator  &flection; .-1.'j0; s t ab i l i ze r '  settlng, 0'. 

Fi- 6 .-' Comluded. 
. .  

(c)  Elevator  deflection, -20'; s tab i l izs r  sett ing,  0'. 
. .  

Fi- 7.- Mcd@ 22&"l, T i m  his torfes-  O f  l ad ings .  

(a)  Center & erapity, 34 percent M.A.C. , .  

Figure 7.- Continued. 

(a) Center of gravity 34 percent M.A.C. ' ' ' I . .  . . , .  . .  
Figure 7." C o n t f n u e d .  

(b) Center of gravity, 30 percent M.A,C 
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FIGURE IBXNDS - Continued 

Figure 7.- Continued, 

: (b). Center o f ,  gravity, 30 percent M.A .C. 

Figure 7.- Concluded. 

(c) Center of gravity, 26 percent M.A .C , 

Figure 8.- Model 22&-1. Number of skips and maximum and minimum trim 
and rise during landing. 

(a) Center of gravity, 34 percent M.A.C. 

Figure 8.- Continued. 

(b) Center of gravity, 30 percent M.A .c. . .  

Figure 8.- Concluded, 

(c)  Center of gravity, 26 percent M,A.C. 

Figure 9 ,- Model 22-1. Tine historiee of landings, Center of 
pavi ty ,  34 percent M.A.C. 

Figure 10.- Model 226Tl-I. Number of s&l.ps and maximum and minimum 
t r i m  and. rim during 1mdlng. Center of gravity, 34 percent M.A.C. 

Figure 11.- Model 228H. Time histor ies  of landings. Center of 
gravity, 34 percent M.A.C. 

Figure 12.-”Model 228H. N u m h r  of skips  and mimum dnd ninlmum trim 
and rise during landing. Center of gravity, 34 percent M.A.C. 

Figure 13 .-wModrtl 228EL. Tlme historiee of landings. Center of 
gravity, 34 percent M.A.C. 

Figure 14.- Model 22-1. Nmber of ekips’ and maximwn ai minim 
trim and riee during landing. Center of gravrty, 34 percent M.A.C. 

F f p e  13.- Model 228J-1. Time histor ies  of landil?gs’. Center of 
gravity, 34 percent M.A ,C . 

Figure 16.- Model 228J-1. -Number  of skips and meximum ‘ a n d  minimum 
trlm and r im during landing. Center of gravity, 34. percent M.A.C. 

r- . .  
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Figure 17.- Model 228I. Time histor ies  of landings. Center of gravity, 
34 percent M.A.C. . .  

Figure 18.- Model 22&. N m b r  of -pa and mxinm.and minimum trim 
and rise during lanUng, Center of gravity, 34 percent M.A.C. 

Figure 19.- Model 2286-1. Variation of trim with speed. Grass load, 
123'. 3 pounds; acceleration 1 .O f&. 

(a) Flap  deflection, Oo. 

Figure 19.- Continued. 

(a) Flap  deflection, 0'. 
. I  

Figure 19 .- Continued. 

(b) Flap  deflection, So. 

- .  

. 

Flrigure 13.- Continued. 

. (b) Flap  deflectiqn, 20". . .  
Figure 19 .- Cont i n k d  . 

(c) Flap deflection, 40°. . .  , .  

Figure 19.- Concluded. 

(c) Flap deflection, bo0. 

F5gtxre 20.- Model  22&-I.. Effect of flap deflection on +he tdke-off 

Figure 21.- Model' 22&-1. Variation o f '  trim with s p e d '  at three gross 

.' "stebil i ty.  Gross load, 123.3' poiands; acceleration, 1.0 fps2. 
.. . 

loads, 6f = mo, mceleration, 1.0 fpse. 

.Figure 22 .- Model 228C-1. Effect of gross load on the take-off 
stebuT.tg. Ef = 200; acceleretion, 1.0 fps*. * . 

F i p  23 .- Model 22%--1. Variation of trim with w e d  at two 
accelerations. Gross load, 123,5 pounds; 6f = 20°. 

Figure 24.- Model 22&-1. ELffect of acceleration on the take-off 
s t ab i l i t y .  Gross load, I23 ;'S .pounds: Ef = 20°, - 
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FIGURE W m S  - Continued . ' "  

Figure 25.- Model 228D-1. Tak-ff s tab i l i ty .  Grosd load, 323.5 pounds; 
6f = 20'; acceleratfon, 1 .O fps2. * I  

Figure .26.- Model 228H. Take-off s t a b i l i t r .  Gross loEid, 123.5 pounds; 
6f = 20~; acceleration, 1.0 fpa2. 

Figwe 27.- Model 22&"4. Take-off s tab i l i ty .  Gross load  123.5 pounds; 
6f = 20'; acceleration, 1 .O fps2. 

Figure 28.- Model 228J-1. Take-off s tab i l i ty .  Woss load, 123.3 pounds; 
6f = 2 0 ~ ;  acceleration, 1 .O fps2. 

Figure 29.- Model 228C-1,  22-1 and 228J"l. Effect of angle of after- 
body keel on the  t&-off  stability. Gross load, 123.3 pounds; 
sf = 20'; acceleration, 1.0 fps2. 

Figure 30.- Model 2281. Take-off s tab i l i ty .  Gross load, 123.5 pounds; 
6f = 200; acceleration, 1.0 fps2. 

Figure 31.- Model 2282-1. Vuia t ion  of e x c e s ~  thrrmst and trim  with 
speed. 6f = 200; center of gravity, 30 percent mean aerodynamic 
chord; take-off power. 

Figure 32.- Model  228J-1 Baw spray photographs, Flap deflection, 20'; 
elevator deflections, 0'; center of gravity, 34-percent meen aero- 
dynamic chord; take-off power; gross load, 123.5 pounds. 

Figure 32.- Model 22&-1, oontinued. . .  

Figure 32.- Model 228J-1, continued. 

Figure 32.-  Model  2285-1, concluded. 

Figure 33.- Model  22-1. Speed raqp over which spray atrikes the 
propellers and the flaps. Flkp deflectioh; 20'; sievatar deflection 
0'; center of' gravity, 3CLpercent mean aorodylvlmlc chcrd;  tako-off 
power. 

Figure 34.- Model 228 C-1. .Spray over ta i l  t u r r e t  mer hmp speed. 
Flap  deflection, xo; center of gravity. 3kpercent mean aerodpmmic 
chord; t ah-of f  power; gross load,  123.5 pounds. 

t 
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FIGURE IEGEIElS - Concluded 
Figure 35.- Model 228 61. Effect of power on spray over tai l  assenibly 

at speeds near hump. Flap deflection, No; center of gravity, 
30-prcent man aerodynamic chord; groes load, l23.5 pounde. 

Figure 36.- Model 228 G-1. Sprw on tail new upper trim limit of 
stability. Blap deflection, oO; center of gravity, 3Lwrcent 
man aerodynamic chord; tafreaff power; gram load, 123.5 pounde. 

. 
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FigureL- Model 22%-1 on towing apparatus. 
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FIGURE 2 . - MODEL 228 C- 1. GENERAL ARRANGEMENT. 
(DIMEN 51 ON S IN INCHES.) 
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Trim at rest, 4.0' 
(Power off) 

Fig. 32 
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NACA RM No. L7E28 Fig. 32 cont. 

Speed, 9.0 fps; Trim, 4.9' 10.0 fps; 5.2O 

11 fps; 5.4O 12 fps; 5.7O 

13 fps; 5.8' 14 fps; 6.0' 

Figure 32.- Model 228J-1, continued. 
NATIONAL bDV"SOR* COHYITTEE FCR AERONAUTICS 

LANGLEY UEUORIAL A E R W U T I C A L  LbBCEATOR? - L A t t L E Y  FIELD YA 

. .  . 



NACA RM No. L7E28 Fig. 32 cont. 

Speed, 15.0 fps; Trim, 7.0' 

17 fps; 8.0' 

19 fps; 8.7O 

16.0 fps; 7.8' 

18 fps; 8.0' 

20 fps; 9.1' 

Figure 32.- Model  228J-1, continued. 
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Fig. 32 cone. 

Speed, 21.0 fps; Trim, 9.2’ 22.0 fps; 9.3O 

23.0 fps; 9.4’ 24.0 fps; 9.3O 

Figure 32.- Model 228J-1, concluded. 

NATKJNAL CSVISORY COMMITTEE FOR AERONAUTICS 

LANOLEY UCUORIAL AERONAUTCAL LASORATORY - LANOLEY  FIELD.  VA. 
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Fig. 34 

Speed, 19.5 fps 
Elevator  deflection, 

-loo 
Figure 34.- Model 228 C-1. Spray over tail turret near 

hump speed. Flap deflection, 20°; center of gravity, 
=-percent mean  aerodynamic  chord; take-off  power; 
g ross  load, 123.5 pounds. 

NbTKINbL bDWSORY COUUlTTEE FOR IERONbUTICS 

L ~ N G L E Y  UEUORIbL IERONAUTICbL LAEORbTORY - LbNGLEY FfELD. V b .  
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One-quarter takedf m e r  
speed, 22.9 fps 
Trim, 14.3' 

Take-oft power 
sped, 21.0 QS 
Trim, 12.00 

Figure 35.- Model 228 C-2. Effect of power on spray over tall assembly 
at speeds near hump. Flap deflection, 20'; center of gravityty, 3)-percent 4 
mean mrodynamic chord; gross load, 123.6 pounds. 5 
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Spray under horizontal  tail 
Speed, 24.0 fps 
Trim, 10.5' 

Spray  over  horizontal tail 
Speed, 38.0 fps 
Trim, 10.5' 

Figure 36.- Model 228 C-1. Spray on t&l near upper trim limit of stability. 
Flap deflection, 0'; center of gravity,  %-percent mean aerodynamic 
chord; take-OB power; gross load, 123.5  pounds. - L U I ~ , ~  YEUDR~U A E R o w I W  W o R a M T  - L A S L I V  P I L L 0  VA 
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